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ABSTRACT
Diplodia gossypina was only isolated from the basal portion of
sweet potato sprouts growing from mother roots which were bedded
adjacent to diseased roots, bedded in Infested soil or inoculated with
conidlal suspension before bedding.

It was recovered 1-2 cm above and

2-4 cm below the point of inoculation 2 months after inoculation of
wounded established vines.

It was not isolated from the proximal or

distal ends of roots harvested from field plots in which vine cuttings
or established vines were artificially inoculated or when vine
cuttings were planted in artificially infested soil.

Roots harvested

from infested soil showed higher disease incidence but those harvested
from inoculated vine cuttings or estabilished vines did not differ
from the noninoculated control.

Freshly harvested roots inoculated

with artificially infested soil at cut ends developed higher disease
incidence than roots inoculated with conidial suspensions, mycelial
plugs, or infected tissue.
for at least one year.
moisture.

Diplodia gossypina survived in field soil

Its population was reduced by high soil

Conidia collected from crates used 8 months earlier

germinated well.

Thus, the pathogen may survive in soil or on crates

and infect roots through wounds made at harvest or in postharvest
handling.
The optimum temperature range for D. gossypina decaying slices of
root was 20-28°C.
12, 16 and 36°C.

Decay was much less at 32°C, and was negligible at
Freshly harvested roots inoculated with 3000 viable

conidia/site did not show differences in disease incidence following
washing, storing at 7°C or in anaerobic conditions for 8 days before
or after inoculation.

Freshly harvested roots inoculated with
vi

artificially infested soil at cut ends had lower disease incidence
when properly cured and stored than when cured and stored at 30-32°C.
Hoots stored for 5 or 8 months were more susceptible to infection than
those freshly harvested, and developed higher disease incidence when
incubated in curing conditions than when incubated at room temperature
after inoculation.

Most sweet potato cultivars and breeding lines had

uniformly low disease incidence when inoculated just after harvest,
but showed differences in susceptibility when inoculated after 8
months storage.

vii
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REVIEW OF LITERATURE
History and distribution of Java black rot of sweet potato;
Java black rot was first reported by Clendenin (13) on some sweet
potatoes brought to the Louisiana Agricultural Experiment Station from
Java in the spring of 1894.

The roots appeared sound but failed to

grow after bedding and were found to have rotted.

Sweet potatoes

brought from Java in the spring of 1895 were found to be infected with
the same fungus when they were received at Baton Rouge.

Ellis and

Everhart (13) identified the fungus which caused the rot as a new
genus and gave it the name of Lasiodiplodia tubericola. Taubenhaus
(41) named this disease Java black rot to distinguish it from black
rot, caused by Ceratocvstis fimbriata and charcoal rot, caused by
Macrophomina phaseoli. Harter et al (17) indicated that although this
disease was first reported on sweet potatoes imported from Java, there
was no evidence that it was introduced to the United States at that
time.

Furthermore, sweet potatoes with Java black rot were collected

in every part of the United States where sweet potatoes were grown.
Specimens were also received from Cuba, Isle of Fines, Philippine
Islands, Japan, Puerto Rico, South America and other countries.
Harter et al therefore concluded that this disease was probably as
widely distributed as the sweet potato crop itself.
Java black rot can be found in practically every sweet potato
storage house in the southeastern U.S. and causes major losses in the
tropics.

Palomar et al (31) reported that Java black rot was the most

prevalent storage disease of sweet potato in the Philippines.

Out of

600 infected roots, 39% were associated with Diplodia alone, 22% with
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Diplodia and Aspergillus, and 24% with Diplodia and Rhizopus.

In

Bangladesh, Jenkins (21) reported that of the natural infections
observed in 1979 and 1980, 78% were caused by either Rhizopus orvzae
or Botrvodiplodia theobromae. Botryodiplodia theobromae was found
responsible for 84% of the rot in storage roots typical of those
stored by the average farmer.

Taxonomy of the pathogen;
Taubenhaus (42) inoculated Lasiodiplodia tubericola E. & E., L.
theobromae (Pat.) Griff. & Maubl., Diplodia gossypii Zim. and D.
natalensis Evans on sweet potatoes and found that the symptoms were so
similar that it was impossible to tell them apart.

He concluded from

pathological studies that the genus Diplodia should be retained
because of its priority, while the genera Lasiodiplodia.
Chaetodiplodia. Botryodiplodia. and Diplodiella were not tenable and
their species should be placed in the genus Diplodia. Diplodia
tubericola (E. & E.) Taub. became the binomial for the fungus which
caused Java black rot of sweet potato.

However, D. theobromae (Pat.)

Now. (31), Botryodiplodia theobromae Pat. (6,20) and Lasiodiplodia
theobromae (Pat.) Griff. & Maubl. (4) are names still used in the
literature.

Jones (22) summarized the pertinent literature and

regarded the following binomials as synonyms of Diplodia gossypina
Cke.:
Botryodiplodia gossypina E. & B.,
B. theobromae Pat.,
Chaetodiplodia grisea Petch,
Diplodia cacaoicola P. Henn.,
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D. natalensis Evans,
D. theobromae (Pat.) Now.,
D. tubericola (E. & E.) Taub.,
Lasiodiplodia theobromae (Pat.) Griff. & Maubl.,
L. triflorae Higgins,
L. tubericola E. & E..
Diplodia gossypina. as considered in his paper, had a host range of
about 138 plant species in 58 families (22).

Studies on Java black rot of sweet potato;
Harter et al (17) inoculated plants in the field by inserting
spores and hyphae of Diplodia tubericola into the stem near the hill.
When the sweet potatoes were dug, none of the plants showed any
evidence of disease and none of the roots were decayed by D.
tubericola in subsequent storage.

From these results and numerous

field observations he concluded that this organism did not attack the
plants in the field, and consequently the disease was not transmitted
to the roots from the plants.

Jenkins (20), based on observations

made under natural conditions, suggested that all infections occured
at harvesting and during subsequent handling.
Harter (18) mentioned that this disease usually first appeared at
the end of the root.

Palomar et al (31) also indicated that symptoms

of Diplodia infection became visible one month after storage as brown,
water-soaked lesions starting at the tips of the roots.
inoculation of uninjured roots was not successful.

Artificial

Jenkins (20) also

found that Infection did not occur through intact root surfaces.
There were no differences in infection following inoculation of

various types of wounds, even when damage to the surface was slight.
Cortical tissues exposed by the removal of the periderm were as
susceptible to rotting as the vascular tissues.

The use of mycelial

inocula resulted in the infection of all roots inoculated.

Spores

were much less effective as a source of inoculum.
Palomar et al (31) screened 169 sweet potato accessions for
resistance to Java black rot immediately after harvest using
artificial inoculation.

He concluded that 78 cultivars that did not

develop symptoms were resistant, 13 cultivars that decayed only near
the site of inoculation were moderately resistant and 78 cultivars
that produced well-developed lesions were susceptible.

Jenkins (20)

inoculated a white-fleshed cultivar (VDL) and a yellow-fleshed
cultivar (V34) with Botryodiplodia theobromae immediately after
harvest and at intervals over a period of 6 weeks.

During the course

of the experiment, temperature ranged from 20 to 35°C and relative
humidity ranged from 70 to 95%.
increased over these 6 weeks.

The proportion of susceptible roots
Three different types of lesions were

produced 7 days after inoculation.

In the susceptible type lesion,

there was a rapid rotting of tissue to a distance of approximately 5
cm from the inoculation point.

Such roots were totally destroyed,

sometimes within 7 days and always within 14 days after inoculation.
In the resistant type lesion, the amount of rotting was very limited
and extended at most 5 mm from the inoculation site.

Subsequent

examination of such roots over a period of 3 weeks revealed that no
further increase in the diameter of these lesions had occurred.
Sections cut through these resistant lesions showed a well-developed
wound periderm in the healthy tissues bordering on the lesion which
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represented an effective barrier to any further increase in lesion
diameter.

In the intermediate type lesion, the degree of rotting

after 7 days incubation was limited to some extent but lesion diameter
was greater than in the resistant type lesion.
Harter et al (17) showed that higher levels of infection could be
obtained by exposing the inoculated roots to dry conditions in
contrast to placing them in a moist chamber.

Higher.levels of

infection also occurred in roots kept at 34-35°C compared to those
kept at 12.2-13.5°C.

Palomar et al (31) showed similar results of

less rot when inoculated roots were kept at high humidity.

Jenkins

(20) found that B. theobromae was pathogenic to sweet potatoes at
20-30°C even though 20°C is well below the optimum temperature for its
growth on agar. Arinze and Smith (6) reported that sweet potato roots
inoculated with B. theobromae and stored at 20 or 25°C without
aeration were completely rotted after 14 days.

At the same

temperatures with aeration, 45% of the roots were rotted.

Roots

stored at 13 or 15°C showed no decay beyond 1mm from the point of
inoculation either with or without aeration.

After pre-treating at 0,

3, 5, 7, 9, 10, 20, or 25°C for 48 hr, roots were inoculated and
stored at 25°C.

After 4 days, roots pretreated at 0, 3, 5, 7°C were

completely rotted, but roots pretreated at 9, 10, 20, 25°C had lesions
with 53, 71, 74, and 70 mm diameter respectively.
Arinze and Smith (5) reported that Botryodiplodia theobromae (sweet
potato isolate) produced four polygalacturonase isozymes, PG 1, 2, 3
and 4, in liquid culture.

PG 3 and 4 macerated and killed tissue

discs of sweet potato roots and potato tubers, PG 2 affected the
tissues sparingly, and PG 1 had no effect.

PG 3 was recovered from
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extracts of sweet potato rotted by B. theobromae. PG activity was
highest at the advancing edge of the lesion, less at the unrotted
periphery and still less at the center (oldest part) of the lesion.
Storage root slices were pretreated at 0, 3, 5, 7, 9 and 10°C for
48 hr and then scored for maceration and cell death before and after
exposure for 1 hr to polygalacturonase isozyme 3 produced in B.
theobromae liquid culture (6).

Root slices held at 0°C were

completely softened and killed without exposure to the enzyme.

Except

for slight maceration at 3°C, no cell death or maceration was observed
at other temperatures in the absence of the enzyme.

After

pre-treatment at 3°C, the enzyme cause complete maceration and death
in 1 hr.

At 5 and 7°C, the roots showed a progressive decline in

their sensitivity to enzyme action.

Root slices exposed to the enzyme

showed moderate maceration and cell death after pre-treatment at 9°C
or above, without any obvious differences among temperatures.

The

amounts of phytoalexin (ipomeamarone) which accumulated after
pretreatment at 3°C was much lower than after exposure to 15 or 25°C.
Martin et al (25) measured the weight of and the ipomeamarone
concentration in diseased tissue of 21 sweet potato cultivars and
indicated that resistance to Java black rot of sweet potato was
significantly correlated with ipomeamarone accumulation.

Clark et al

(12) reported that Diplodia tubericola induced accumulation of
relatively high concentrations of ipomeamarone (1,327-8,447 ug/g),
4-ipomeanol (26-337 ug/g) and 1,4-ipomeadiol (ND - 1,406 ug/g) in
infected tissue.

Ipomeamarone and other 15-carbon sweet potato

furanoterpenoids have hepatotoxic activity in mice (44); the
ipomeanols are more acutely toxic and induce lung edema (45), a
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symptom similar to that reported in cattle fed moldy sweet potatoes
(34).
Daines (14) reported that Java black rot affected sprouts appear
macroscopically identical to sprouts showing black rot caused by
Ceratocystis fimbriata.

They show discoloration symptoms on lateral

rootlets as well as on the main root.

The temperature of the plant

bed was found to influence markedly the amount of Java black rot
developing on sweet potato sprouts.

In plant beds held at 75°, 85°,

and 90°F the incidence of disease was positively correlated with
temperature.

Postharvest decay caused by Diplodia gossypina Cke. on other crops;
Yam ( Dioscorea spp.)Ogundana, Naqvi and Ekundayo (30) found that Botryodiplodia
theobromae Pat. is one of the organisms which cause soft rot of yams
in storage.

It enters through wounds and natural openings on the

surface of the roots.

Maheswari, Gupta and Agarwal (24). reported that

B. theobromae was the most pathogenic of 26 fungal spp. recorded.

It

caused decay in 57% of roots collected from 10 different districts in
Uttar Pradesh.

Adeniji (1) reported that yam decay with B. theobromae

was rapid from 20 to 30°C.

There was no decay at 35°C.

Noon and

Colhoun (29) reported that at a storage temperature of 35°C B.
theobromae can be an important pathogen* but at 20°C and lower
temperatures it is of little significance.

Humidity clearly

influences the degree of disease development during storage.

Uncured

roots stored at high relative humidity and 35°C for 24 days showed
over 50% loss* mainly due to infection by B. theobromae. whereas roots
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stored at 35°C and 30% relative humidity showed negligible decay after
95 days.

Aderiye and Ogundana (2) found that B. theobromae survived

in the roots, stems,
respectively.

and leaves for more than 8, 6 and 3 months,

It was viable for only 3 months in unsterile soil

samples infested with infected yam root pieces which also served as
food bases.

The fungus survived in yam roots as modified hyphae in

form of chlamydospores.

Cassava ( Manihot esculenta Crantz)Ekundayo and Daniel (15) reported that soft rot of cassava in
storage was caused by Botryodiplodia theobromae. Trichoderroa
harzianum, Cylindrocarpon candidtim. Aspergillus niger and A. flavus.
The fungi enter the roots through wounds, bruises and natural
openings.

Ikediugwu

mycoflora of cassava

and Ejale (19)isolated the root-surface
and found that

A. niger.B. theobromae. Fusarium

solani. Penicillium javanicum, Penicillium sp., and Trichoderma sp.
were consistently associated with the root surface.

B. theobromae and

F. solani were found to be aggressively pathogenic on freshly
harvested cassava roots and caused extensive rot.
mildly pathogenic.

A. niger was only

The removal of the rhizoplane microflora by

surface-sterilization using calcium or sodium hypochlorite and
subsequent incubation in loosely tied polyethylene bags extended the
storage life of the roots considerably.

Orange ( Citrus sinensis (L.) Osbeck)Loucks and Hopkins (23) found that excellent control of stem-end
rot can be obtained by removing buttons from the harvested fruit.
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Brown and Wilson (10) found that entry of D. natalensis into healthy
tissues of the button and fruit is prevented by the cuticle and by
wound periderm which separates necrotic and healthy tissue.

D.

natalensis does not enter the fruit until natural openings develop in
the separation layer between the button and fruit at the time of
abscission.

Extensive development of stem-end rot occurs in oranges

during storage when openings are formed in the separation layer by
physically loosening the buttons.

Brown (11) found that hyaline,

single-celled spores of D. natalensis were released from pycnidia
growing on citrus deadwood when the pycnidia became wet or when they
dried following wetting.

After discharge from the pycnidium,

single-celled spores differentiated into darker-colored two-celled
spores within 5 to 6 hr at 100Z relative humidity.

The two-celled

spores were more tolerant to desiccation than the single-celled
spores, and survived from one season to the next on the bark of
naturally infected deadwood.

As a result of the survival of these

two-celled spores, infection of immature citrus fruit could occur at
times when pycnidia were not releasing spores.

McComack (26) found

that degreening increased stem-end rot but not green mold.

There was

a direct relationship between ethylene concentration and decay.
Barmore and Brown (7) reported that incidence of stem-end rot of
Valencia oranges increased with exposure to increasing concentrations
of ethylene from 0 to 50 ul/L of air.

Increases in stem-end rot at

higher ethylene concentrations would not be related to early
abscission.

Germination and growth of latent propagules of D.

natalensis on the button was not enchanced by ethylene.

Hyphal

penetration from latent infections on the button into the area of
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abscission occurred more rapidly after the fruit was exposed to
ethylene at 50 than 1 or 10 ul/L.

Smoot, Melvin and Jahn (38) found

that washing oranges and tangerines and applying fungicides before
ethylene degreening were more beneficial in reducing the postharvest
decays caused by D. natalensis and Cdlletotrichum gloeosporioides than
the standard procedure of washing and treating after degreening.
Aharoni and Lattar (3) found that in atmospheres with high oxygen
concentration (50%, 85%, 96%) or high carbon dioxide concentrations
(5%, 10%, 20%) most of the mature and immature fruits were attacked by
D. natalensis.

In atmospheres with normal (21%) and low

concentrations (2.5%, 5.0%, 16.7%) of oxygen, the percent of mature
and immature fruits attacked by D. natalensis were low.

Mango ( Mangifera indica L.)In India, the economic loss due to D. natalensis infection in a New
Delhi market was 4.3% for the cultivar Langra.
the loss varies from 2 to 6% (16).

In the Philippines,

Pathak and Srivastava (32,33)

reported that the avenues of natural infection of uninjured mango
fruits by spores of D. natalensis were the exposed surface of the
attached pedicel or the stem-end scar when the pedicel was removed.
Infection did not occur through the uninjured epicarp or sides of the
pedicel.

Developing fruits and their pedicels, while on the tree, and

green shoots were not found to be infected with the fungus, but dead
twigs and bark of the trees harboured the pathogen and served as
sources of primary inoculum.

Aeroscopic studies showed that the

atmosphere of the orchard, with the onset of rains, becomes charged
with spores of the fungus.

When unripe fruits, with and without
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pedicels were put in cellophane bags immediately after harvest, they
remained free from infection at ripening time.

Banana ( Musa paradisiaca L .)Wardlaw (43) reported that Botryodiplodia theobromae. an important
parasite on the banana in storage, causes rotting of the main-stalk,
finger-dropping, fruit spots and blemishes, and an extensive tip-rot
on several commercial cultivars.

The fungus rapidly decays the fruit,

the flesh being rendered soft and pulpy or semiliquid, while the skin
becomes dark coloured, wrinkled and covered with a stromatic crust
with small black pycnidia.

The fungus is a wound parasite.

Field

inoculations on hanging fruit consistently yielded negative results.
At laboratory temperature (80° to 85°F) and in the presence of
adequate humidity, disease effects are quickly produced on inoculated
fruits, whether relatively immature or "three-quarter full", premature
ripening being a characteristic feature.

The period of time that

elapses before inoculated fruit is placed in cool storage is of
fundamental importance in determining the extent of subsequent fungal
activity.

In large consignments of fruit, therefore, one aspect of

disease control depends on keeping the minimum time between harvesting
and cooling at S3°F.

Peach ( Prunus persica (L.) Batsch.)Wright and Smith (47) made inspections in Georgia during the course
of post-harvest treatments and found Diplodia natalensis on 11 lots of
4 cultivars of peaches ranging from 0.1 to 10.4 percent.

A shipping

test of peaches under standard refrigeration revealed that
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wound-inoculated fruit developed little decay during a 3.5 day transit
period but after the fruit was held for 3 days at room temperature,
the lesions ranged from 20 to 60 mm in diameter and averaged 37 mm.
Laboratory studies and field observations showed that the fungus not
only readily invaded peach fruit through wounds, but that it would
spread by contact to neighboring fruit.

Avocado ( Persea americana Mill. var. Fuerte)Avocado fruit is often attacked during softening by D. natalensis.
which causes stem-end rot and may affect up to 20% of the fruit (37).
Fruits harvested with short pedicels were severely rotted at the
softening stage, whereas in fruit with long pedicels* the amount of
rot was low.

Schiffmann-Nadel et al (37) revealed a similar rate of

advance of the mycelium of D. natalensis in short (2-3 mm) and long
(6-10 mm) artificially inoculated pedicels of avocado fruit.

It was

confirmed that while fruits having long pedicels soften before the
beginning of fruit rot and escape infection, short pedicel fruits
soften concommitantly with the appearance of rot.

Guava ( Psidium guaiava L.)Srivastava and Tandon (40) reported that rot of guava, incited by
Botrydiplodia theobromae Pat., was one of the most common and widely
occuring diseases of guava in India.
during storage and transit.

It causes considerable damage

The infection starts as brownish

discoloration mostly at the stem end and gradually proceeds downwards
in an irregular wavy manner.

Finally the whole fruit may be involved.

The rot produced by the pathogen is soft and watery.

Careful
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handling, storage at 15°C, quick transport and sale would be helpful
in minimizing the losses.

Cantaloupe ( Cucumls melo L.)Beraha, Towner and Camp (8) first reported that in south Texas, the
fungus Diplodia natalensis causes gummosis and blight on stems and
stem-end rot on marketed fruits of cantaloupe.

A firm, stem-end decay

is the first indication of infection on marketed fruit.
strong, unpleasant sour odor accompanies the decay.

Usually a

When held for 4

days at 24°C, the fleshy portion of the melon around the stem-end
becomes gray to black, dry and spongy.

The decay reaches the seed

cavity within 5 days after surface infection.

No definite line of

demarcation separates rotted from healthy tissue.

Fruiting structures

of the fungus were not .found on rotted melons.

Apple ( Malus spp.)Bhargava, Shukla and Singh (9) isolated Botryodiplodia theobromae
from infected apples in local markets, the packing boxes and the
market air.
apricot.

The fungus could also infect pear, peach, plum and

Slightly injured fruits were more susceptible.

Coconut ( Cocos nucifera L.)Rao, Sreekantiah and Rao (36) found a post-harvest infection of
coconut kernel by Botryodiplodia theobromae. The fungus was found to
be present in the region of the eyes and adjoining fibers and spread
into the kernel region through the eyes or through cracks in the nut
caused during storage, especially in hot weather.
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Onion ( Allium cepa L.)Ramsey, Heiberg and Uiant (35) first described a market disease of
Texas-grown white skin Crystal Wax onions, caused by Diplodia
natalensis Pole-Evans.

It may cause a great reduction in market value

by producing slight decay and by blemishing this Southern white onion
crop.

Colored-skin varieties of onions from Texas were not affected.

Only the dead outer scales and the dying parts of the outer fleshy
scales of white onions are invaded.

No decay of living fleshy scales

of bulbs has been observed and all attempts at inoculation of such
tissues have failed.

A chemical (probably protocatechuic acid)

associated with the pigments in water extracts of the dry outer scales
of colored cultivars of onions proved toxic to the Diplodia spores.
Dry scales of white onions do not carry this toxic agent in sufficient
quantity to interfere with the germination of the spores.

Ginger ( Zingiber officinale Rosc.)Wilson and Balagopal (46) reported a dry rot disease affecting
ginger rhizomes during storage.

Infected rhizomes show a blackish

discoloration of the internal tissues.

These tissues later become

more or less powdery, consisting of dark coloured mycelial bits of the
causal organism, intermingled with fibrous strands of host material.
During early stages, the infection cannot be detected by the external
appearance of the rhizomes. At an advanced stage of disease
development, the infected rhizomes become shrunken and dry.

Injury to

the host was found to be necessary for Infection by this pathogen.

Other important diseases caused by Diplodia gossypina Cke.
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Peanut ( Arachis hypogaea L.)McGuire and Cooper (28) found that consistent infection was
obtained only when plants were predisposed by heat injury prior to
inoculation.

Plants irradiated with a heat lamp until the surface

temperature reached 45°C usually developed heat lesions and were
susceptible to D. gossypina.

Internal temperature of plants averaged

14°C higher than surface temperature after 10 minutes irradiation.
Exosmosis of reducing sugers was increased in heated stems and may be
a factor in susceptibility.

Collar rot of peanut was more severe

where the peanut crop followed cotton rather than com.

D. gossypina

overwintered and sporulated abundantly on old cotton bolls, and collar
rot of peanut developed in field plots manually infested with either
infested cotton debris or D. gossypina grown on steamed oats.

D.

gossypina also produced extensive concealed and visible kernel damage
in inoculated field plots.

D. gossypina isolated from peanut decayed

apple, orange, cotton fruits, and sweet potato storage roots.
Isolates from several hosts were similar morphologically and in
pathogenicity on peanut.

McDonald (27) found that Botryodiplodia

theobromae was one of the common species in the endogeocarpic
mycoflora of peanut at early stages in development.

Cotton ( Gossypium hirsutum )Snow and Sachdev (39) reported that D. gossypina readily entered
cotton bolls of various ages.

Penetration was achieved in three ways:

directly through wax and epidermal layers on the surface of the boll,
directly through unwaxed multicellular epidermal hairs, and through
open stomata.

Invasion occurred through open stomata of bolls 20 days
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or older.
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Sources of Inoculum and Mode of Infection of Sweet Potato
by the Java Black Rot Pathogen, Diplodia gossypina Cke.

ABSTRACT
Diplodia gossypina was isolated from the basal portion of sweet
potato sprouts growing from mother roots which were bedded adjacent to
diseased roots, bedded in infested soil or inoculated with conidial
suspension before bedding.

It was only recovered 1-2 cm above and 2-4

cm below the point of inoculation 2 months after inoculation of
wounded established vines.

The fungus was not isolated from the

proximal or distal ends of storage roots harvested from field plots in
which vine cuttings or established vines were artificially inoculated
or when vine cuttings were planted in artificially infested soil.
Storage roots harvested from infested soil showed higher disease
incidence but those harvested from inoculated vine cuttings or
established vines did not differ from the noninoculated control.
Freshly harvested storage roots inoculated by placing artificially
infested soil on cut ends developed higher disease incidence than
roots inoculated with conidial suspensions, mycelial plugs, or
infected tissue.

D. gossypina survived in field soil over winter and

for at least one year.

Survival of the pathogen in soil was reduced

by high soil moisture.

Conidia collected from crates used 8 months

earlier germinated well.

Thus, the pathogen may survive in soil or on

crates and infect storage roots through wounds made at harvest or in
postharvest handling.
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INTRODUCTION
Java black rot (JBR) of sweet potato [ Ipomoea batatas (L.) Lam.]
was first decribed by Clendenin in 1894 (5).

Taubenhaus (14) gave the

disease its name because he thought the fungus was introduced from
Java to the United State.

However, Harter et al (6) indicated that

this disease was probably already as widely distributed as the sweet
potato crop itself.

It can be found in most sweet potato storage

houses in the southern United States and is one of the most important
postharvest diseases of sweet potato in the tropics.

Historically,

the causal fungus as it occurs on sweet potato, has been referred to
by several names including: Diplodia tubericola (E. & E.) Taub.,
Lasiodiplodia tubericola E. & E., and Botrvodiplodia theobromae Pat.
Jones (9) summarized the pertinent literature on Diplodia and related
genera and regarded the following ten binomials as synonyms of
Diplodia gossypina Cke.: Botrvodiplodia gossypina E. & B., B.
theobromae Pat., Chaetodiplodia grisea Petch, Diplodia cacaoicola P.
Henn., D. natalensis Evans, D. theobromae (Pat.) Now., D. tubericola
(E. & E.) Taub., Lasiodiplodia theobromae (Pat.) Griff. & Maubl., L.
triflorae Higgins, and L. tubericola E. fit E.. Diplodia gossypina has
a host range of about 138 plant species in 58 families (9) and causes
postharvest decay on many crops in addition to Java black rot of sweet
potato including; postharvest rot of yam ( Dioscorea spp.) and cassava
( Manihot esculenta Crantz); stem-end rot of orange [ Citrus sinensis
(L.) Osbeck], mango ( Mangifera indica L.), avocado ( Persea americana
Mill. var. Fuerte) and cantaloupe ( Cucumis melo L.); fruit rot of
peach [ Prunus persica (L.) Batsch.], apple ( Malus spp.), guava (
24
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Psidium guajava L.)» papaya ( Carica papaya L.) and sapodilla ( Achras
sapota L.)j and main-stalk rot, finger dropping, fruit spots and
blemishes, and tip rot on several commercial cultivars of banana (
Musa paradisiaca L.).
The modes of infection and the sources of inoculum for postharvest
decays caused by D. gossypina have been studied only on orange and
mango.

On orange, one-celled conidia from pycnidia produced in

deadwood of the tree and two-celled conidia which survived on bark of
deadwood were disseminated in water to necrotic tissue on the button
(calyx and disc) of the immature fruit (3).

Entry of hyphae into

healthy tissues of the button and fruit was prevented by the cuticle
and by wound periderm which separated necrotic and healthy tissue.
Hyphae from these latent infections of the necrotic tissue invaded the
mature fruit through the abscission zone during button abscission,
which usually occurred after harvest (4).

On mango, the avenues of

natural infection of uninjured fruits were the exposed surface of the
attached pedicel or the stem-end scar when the pedicel was removed.
Infection did not occur through the uninjured epicarp or sides of the
pedicel.

Growing fruits and their pedicels while on the tree, and

green shoots were not found to be infected with the fungus, but dead
twigs and bark of the trees harbored the pathogen and served as
sources of inoculum.

When unripe fruit with and without pedicels were

put in cellophane bags immediately after harvest, they remained free
from infection at ripening time (11,12).

In both cases, the sources

of inoculum were airborne conidia.
Symptoms of sweat potato infection usually begin at the ends of
storage roots (7,10).

Artificial inoculations of uninjured roots were
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not successful (8,10).

From Inoculation experiments and field

observations Harter et al (6) concluded that this organism did not
attack the plants in the field, and consequently could not transmit
the disease to roots.

Jenkins (8) observations suggested that all

infections occurred at harvest and during subsequent handling.
Aderiye and Ogundana (1) reported that Botrvodiplodia theobromae in
infected yam leaves and stems could survive at 10, 30 and 60 cm depths
in field soil for at least 4 months.

The pathogen survived in small

pieces of infected yam tuber only 3 months in unsterile farm soil in
petri dishes.

There have been no reports on how long conidia could

survive in field soil.
The objectives of this study were to determine: 1) when and where
D. gossypina infects sweet potato, and 2) what are the sources of
inoculum.

MATERIALS AND METHODS
Inoculum preparation. Diplodia gossypina was isolated from infected
storage roots collected at the Burden Research Plantation in Baton
Rouge and single-conidium transfers were used to test the virulence of
isolates on slices of sweet potato storage roots.

The most virulent

isolate, N-2, was maintained on silica gel by the Perkins method (13).
For inoculation, 6-mm-diam mycelial plugs were cut from the edge of a
2-day-old PDA culture.

Conidial suspensions were prepared with

conidia collected from diseased roots and adjusted to 10^ conidia/ml
distilled water.

Natural field soil was infested with an aqueous

conidial suspension to give a density of 10

conidia/g soil.

Oat

seeds saturated with distilled water were autoclaved at 121°C in
autoclavable plastic bags (Clavies, Bel-Art) for 1 hr on each of 3
consecutive days, and then inoculated with N-2 and incubated at 28°C
for 2 weeks.

The infested oat seeds were incubated in trays covered

loosely with plastic bags at room temperature for an additional month
to produce conidia.

Field soil was infested by mixing such infested

oat seeds in the upper 15 cm.

All inoculation experiments were

conducted with the sweet potato cultivar Centennial.
Isolation. Stems with leaves and roots removed, and proximal or
distal ends of storage roots cut at harvest, were washed with running
tap water to remove adhering soil.

Segments were then cut from the

tissue and surface sterilized with sodium hypochlorite (l%) for 1 min
and plated on PDA to isolate D. gossypina.
Transmission in plant production beds. Mother roots bedded in plant
production beds in March, 1985 were treated by: (I) drenching with
27
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thiabendazole (TBZ=Mertect 34QF, 237 ml / 28.39 1 ^O), (II) placement
adjacent to JBR-infected roots, (III) bedding in D. gossypina-infested
soil, or

(IV) inoculating wounded roots with a conidial suspension

prior to bedding.
replicate plots.

Each treatment had 20 mother roots in each of 3
Ten sprouts each from the first (May, 1985) and

second (July, 1985) growth were pulled at random from each plot and
isolations were attempted at 1-cm intervals from the base 15 cm up the
sprouts.
Transmission during transplanting. To investigate whether the
pathogen could infect plants during transplanting to the field and
subsequently infect daughter roots, three treatments were compared in
the greenhouse: (I) ''healthy" vine cuttings (indexed negative for D.
gossypina by isolation) were planted in autoclaved soil, (II) vine
cuttings were dipped in conidial suspension for 1 hr and planted in
autoclaved soil, and (III) "healthy" vine cuttings were planted in
soil infested with 2x10
replicate plants.

conidia/g dry soil.

Each treatment had 10

Storage roots were harvested by washing the soil

out of the pots and were then immediately dipped in TBZ (35 ml / 7.57
1 I^O) and dichloronitroaniline (DCNA=Botran 75WP, 120 g / 7.57 1 1^0)
to prevent infection through wounds at harvest.

Isolations were

attempted from stems below the soil line and proximal ends of the
storage roots.

Percent of storage roots with JBR was determined after

4 months storage at room temperature.
Infection of established vines. Healthy vine cuttings planted in
autoclaved soil were wounded with a scalpel 1 cm above or below the
soil line 2 months before harvest. Each of 10 wounded stems were
inoculated with conidial suspensions, mycelial plugs, or were left
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uninoculated.

Isolations were attempted from stem segments and

proximal ends of storage roots after harvest.

The following

treatments were compared in field plots for subsequent isolation of D.
gossypina and incidence of JBR in storage roots: (I) vine cuttings
were planted in untreated soil, (II) vine cuttings were planted in
soil infested with D. gossypina-infested oats 4 weeks after planting,
(III) vine cuttings were dipped in a conidial suspension (10 /ml) and
planted in untreated soil, (IV) vines established in untreated soil
were inoculated with a conidial suspension placed on wounds made above
the soil line at 2 months before harvest, and (V) same as IV except
vines were inoculated with mycelial plugs.
in 1983 and IV was omitted in 1984.

Treatment III was omitted

Each treatment had four 15-plant

plot replications in a randomized block design.

Isolations were

attempted from proximal ends of 10 storage roots per plot in 1983.
Thirty storage roots were collected at random from each plot and
stored in a paper bag at ambient temperature find humidity in a storage
building (AM conditions).

In 1984, isolations were attempted from the

proximal and distal ends of 10 storage roots per plot.

Half of the

harvested roots were stored in AM conditions and half were stored
under recommended conditions (RC = curing immediately after harvest at
30-32°C, 85-95Z RH for 10 days followed by storage at 13-16°C, ambient
humidity).

Disease incidence was surveyed once a month for 4 months.

To determine effectiveness of different inocula at harvest,
freshly harvested storage roots were cut at one end and inoculated
with a conidial suspension, mycelial plug, infested soil (10^
conidia/g dry soil) or infected tissue (1-cm sweet potato stem
infected with D. gossypina).

Each treatment had 25 roots in each of 3
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replications.

Disease incidence was surveyed once a month for 4

months.
Survival of D. gossypina conidia in soil. The number of pathogen
propagules per gram (p/g) of dry soil was detected by dilution plating
on semi-selective media.

The original semi-selective medium (OSM) was

prepared using culture filtrates of D. gossypina grown in sweet potato
dextrose broth (SPDB) as a basal medium.

SPDB was prepared by

steaming 200 g peeled sweet potato in 1' liter distilled water,
filtering through cheesecloth, adding 10 g dextrose and autoclaving at
121°C for IS mins.

A 6-mm agar plug of D. gossypina was transferred

to SPDB (100 ml/ 500 ml flask) and the cultures were incubated 5 days
on a platform shaker at room temperature.

The culture was filtered

through cheesecloth and OSM was prepared with 960 ml of the filtrate,
18 g agar, 33 mg rose bengal and 1 g sodium propionate.

It was

steamed 30 min to melt the agar, filtered through cheesecloth,
dispensed to bottles, and autoclaved 15 min at 121°C.

When cooled to

50-55°C, the following were separately added to 1 liter medium:
streptomycin sulfate, 100 mg; penicillin G, 50 mg; oxgall, 1,000 mg
and pyrogallol, 50 mg,

A modified semi-selective medium (MSM)

employed 2% sweet potato broth instead of Diplodia-SPDB filtrate as
the basal medium, and was autoclaved only 10 min at 121°C without
prior steaming.
Olivier silt loam field soil was air dried and passed through a 850
>um-opening sieve to remove large pieces of organic matter.

The soil

was then sprayed with a conidial suspension and mixed uniformly.

A

15-cm clay pot was filled with the infested soil, covered with fine
nylon mesh, and buried in the field with the top of the pot 2 cm below
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the soil surface.

Densities of viable propagules were measured

monthly using OSM in the first study (Nov, 1982-Jul, 1983) and MSM in
the second study (Sep, 1984-Nov, 1985).
Artificially infested sandy loam soil was air dried in 15-cm clay
pots and 6 pots each were remoistened to field capacity, 3 were
flooded and 3 were left dry.

A sweet potato vine cutting was planted

in 3 pots of remoistened soil and the remaining pots were left fallow.
From July to November 1985, the number of viable pathogen
propagules/gram dry soil was monitored monthly.
Survival on crates. The surface of sweet potato crates used 8 months
earlier was swabbed with a wet camel's hair brush which was then
washed in distilled water.

Conidia were concentrated by

centrifugation at 1300xg for 15 min.

The pellet was resuspened in 10

ml distilled water and drops were placed on microscope slides which
were incubated in moist chambers at room temperature over night, and
the percent germination of conidia was determined.

RESULTS
Transmission in plant production beds. Sprouts did not develop
symptoms in the plant production beds.

However, at the first pulling,

D. gossypina was isolated from 13-30% of the surface-sterilized
segments 1 cm from the base of sprouts (1-cm segment) from inoculated
mother roots.

When mother roots were treated with TBZ, D. gossypina

was recovered from 3% of the 1 cm segments.

D. gossypina was

recovered from few of the 2-6 cm segments and none of the sprout
segments above 7 cm.

Fewer infections were detected at the second

pulling (Table 1).
Transmission in the field. The pathogen was recovered after harvest
from stem segments up to 6 cm from the base of plants inoculated with
a conidial suspension or planted in infested soil, but greatest
recovery (80-90%) was from the 1-cm segment.
isolated from 0-2% of proximal ends.

The pathogen was

None of the storage roots showed

JBR symptoms after A months storage (Table 2).
Most inoculated stems did not develop symptoms, but several
developed restricted cankers at the site of inoculation.

No

discoloration was found in tissue above or below these cankers.

The

pathogen was recovered from all points of inoculation and a high
percentage of stem segments 1 cm from the point of inoculation.
However, the pathogen was not recovered more than 2 cm above or A cm
below the point of inoculation after 2 months.

Stems inoculated above

or below the soil line showed similar patterns of pathogen
distribution (Table 3).

The pathogen was isolated from a very low

percentage of proximal ends of storage roots from plants on which
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vines were inoculated 2 or 4 months before harvest (Table 4).
Diplodia gossypina was not isolated from proximal ends of storage
roots from the 1983 field plots.

Incidence of JBR was not

significantly different between treatments in which the vines were
inoculated and the uninoculated controls, but storage roots from
infested soil treatments had significantly higher disease incidence.
In 1984, D. gossypina was not recovered from proximal or distal ends
of storage roots.

When the storage roots were stored in AM, only the

storage roots harvested from infested soil had significantly higher
disease incidence than the control.

However, when the storage roots

were stored in RC, disease incidence did not significantly differ
among treatments (Table 5).

Some storage roots left in the field

plots became infected by D. gossypina after harvest and produced
conidia after 50 days.
Storage roots inoculated with infested soil at harvest developed
significantly higher JBR incidence (16%) than the control (1%), while
storage roots inoculated with conidial suspensions, mycelial plugs or
infected tissue developed 13, 11 and 5% disease incidence,
respectively [LSD (P=0.05) =12.76].
Survival of D. gossypina conidia in soil. At densities greater than

3
10 /g dry soil, both OSM and MSM had 90% recovery efficiency, but when

3
densities were below 10 /g, the recovery efficiencies of OSM and MSM
were 10% and 50%, respectively.

In the first study, viable conidia of

D. gossypina could be detected for 240 days, after which the density
was below the threshold of detection (10
quickly covered the medium.

p/g soil) and other fungi

In the second study, propagule density

remained high for 410 days at which time sampling was terminated
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(Fig.1).
The pathogen population in moistened soil left fallow or planted
with sweet potato vine did not change over 4 months (b=0).

The

pathogen population in dried fallow soil declined slowly (b= -0.81),
but in flooded fallow soil it quickly dropped (b= -2.69) (Fig.2).
Survival on crates. After 8 months, 7% of D. gossypina conidia
recovered from the surface of used crates germinated.

DISCUSSION
Vine cuttings cut above the soil line are not an important means of
transmission of D. gossypina. even if they grew from infected mother
roots, since the pathogen was isolated only from the base of sprouts
and was not transmitted to storage roots.

Infected sprouts appeared

vigorous and did not show any symptoms when pulled from the seed bed.
It is possible that the pathogen did not extend to the sprouting end
of the mother root until the sprouts had developed their own fibrous
feeder roots and could independently absorb water and nutrients from
the soil.

However, some sprouts may have died before emergence if the

sprouting end of the mother root was infected before sprouts could
root.

Thiabendazole did not entirely prevent D. gossypina-infection

in the seed bed and thus JBK may be a problem in sprout production.
Reduced incidence of infection in the second pulling of plants
compared to the first may have resulted from the mother roots bearing
infected sprouts decayed after the first pulling.
Soil borne inoculum of the pathogen incited infection at the base
of vine cuttings through the cuts, but this infection did not spread
to daughter storage roots.

It also failed to infect the storage roots

through the periderm, the distal ends, or the attached fibrous roots
prior to harvest.

The pathogen was rarely transmitted from inoculated

vines to the storage roots.

Failure to isolate D. gossypina from

proximal or distal ends of storage roots harvested from field plots
indicated that latent infections did not occur at the ends of storage
roots prior to harvest.

Infected stems grew well in greenhouse and

field conditions, but whether the yield of storage roots from these
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plants was affected, especially under water stress conditions, remains
to be determined, because in the stem-end rot of avocado vessel
elements of the pedicel seem to serve as the main route of fungal
penetration (2).
The incidence of JBR in field studies was increased only in plots
where soil was artificially infested with the fungus.

Similarly,

storage roots inoculated immediately after harvest by placing infested
soil on wounds developed significantly higher disease incidence.

When

sweet potato storage roots are harvested, wounds always occur at the
proximal ends as a result of detaching the roots from the vines and
sometimes distal ends of the roots may also break.

Since infection

did not occur through intact surfaces (8,10), and symptoms usually
first appeared at the ends of storage roots (7,10), it is likely that
inoculum in soil adhering to these wounds incites infection.

This is

further supported by the fact that curing immediately after harvest,
which enhanced the process of suberization and wound periderm
formation, decreased disease incidence on storage roots harvested from
infested soil.
Conidia were produced on infected storage roots after only one
month in storage.

They were deposited as visible, black, powdery

masses on contaminated crates and served as an additional source of
inoculum the next time the crates were used.

However, since the

fungus does not sporulate on plants in the field during the growing
season, it was not clear how soil in the field became infested.

The

observation that storage roots left in the field after harvest can
become infected by D. gossypina and produce large number of conidia
before winter provides an explanation.

The pathogen population in
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soil did not change during the 4 month period when sweet potato vines
were growing but was affected by soil moisture and decreased quickly
when soil was flooded.

The unusually heavy rainfall in Baton Rouge

during spring 1983 may explain why the pathogen population quickly
dropped below the detection threshold in the first study.
The semi-selective media do not reliably detect the pathogen in
samples of natural soil, not only because the pathogen population was
below the detection threshold, but also because distribution patterns
in fields indicate clustering probably depending on where infected
roots were located.
The principal means of infection of sweet potato storage roots is
by invasion of wounds incurred during harvesting or handling from
inoculum in the soil or on contaminated equipment such as crates.

The

type of wound appears to have little influence on the probability of
infection (8).

Most infection probably results from infested soil

adhering to the ends of storage roots broken during harvest although
bruising and skinning of the storage roots on the sides of
contaminated crates may also result in significant incidence of
infection.

Incidence of infection through vines appears negligible.

Casual observations also suggest that insects (e.g. cockroaches and
sweet potato weevils) may spread JBR by carrying D. gossypina conidia
and introducing them to chewing and oviposition wounds on healthy
storage roots.

Fumigation of storage houses and crates to eliminate

both the pathogen and insects may improve disease control.
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Table 1. Percentage of surface-sterilized sweet potato sprout
segments from which Diplodia gossypina was isolated
following various treatments at bedding.

Distance from mother roots (cm)
Pulling

Treatment
1

2

3

4

5

6

7-15

First

I
II
III
IV

3
30
13
23

0
3
10
0

0
0
0
0

0
3
0
0

0
0
0
0

0
0
0
0

0
0
0
0

Second

I
II
III
IV

0
3
10
10

0
0
3
0

0
0
0
0

0
0
0
0

0
3
0
0

0
0
3
0

0
0
0
0

3 I=mother roots sprinkled with TBZ (thiabendazole), II=raother
roots adjacent to diseased roots, III=mother roots planted
in infested soi^L, IV=mother roots inoculated with conidial
suspension ( 10 /ml) before planting
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Table 2. Incidence of Java black rot on sweet potato storage roots
and frequency of isolation of Diplodia gossypina from parts
of sweet potato plants grown from inoculated vine cuttings.

Percent isolation of D. gossypina
Treatment

Healthy vine cuttings
in autoclaved soil

Healthy vine cuttings
in infested soil
cl

p

Disease
incidence

2-6cm

7-9cm

0

0

0

0

0

90

10-20

0

0

0

80

0-40

10-20

2

0

1cm

Infected vine cuttings
in autoclaved soil

Proximal
end

Stem

4

vine cuttings dipped in conidial suspension (10 /ml) for 1 hr before
. planting
s
soil with 2x10 /g dry soil
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Table 3. Frequency of isolation of Diplodia gossypina from surfacesterilized vine segments at various distances from the point
of inoculation.

Percent recovery of Diplodia gossypina
Treatment3

Point of
inoculation

cm Below
3

2

1

Inoculated above soil line
Control
0
0
0
Conidia
0
0
10
Mycelia
0
10
20

0
20
40

0
100
60

Inoculated below soil line
Control
0
0
0
Conidia
0
0
0
Mycelia
0
30
30

0
20
40

0
70
40

5

Vines were
soil line.
inoculated
plugs from

4

cm Above
1

2

3

4

0
100
100

0
80
70

0
0
10

0
0
0

0
0
0

10
100
100

0
60
80

0
10
0

0
0
0

0
0
0

0

wounded with a scalpel at either 1 cm above or below the
The wounds were either ^eft uninoculated (Control) or
with a suspension of 10 conidia/ml (Conidia) or mycelial
2-day-old PDA cultures (Mycelia).

Table 4. Ratio of the number of storage root proximal
ends from which Diplodia gossypina was isolated
following surface sterilization to the number
of roots sampled following inoculation of
vines in the greenhouse.

Time of
(months prior
to harvest)

2
4

Isolation ratio

Control

Conidial
suspension

0/15
0/44

1/15
1/39

Mycelial
plug
0/28
0/29
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Table 5. Effect of inoculation methods and storage conditions on
incidence of Java black rot on sweet potato storage roots
4 months following harvest from field plots.

Percent of storage roots with
Java black rot
Inoculation method

1983

1984
RCa

AM3

AMa

1

1

0

12

20

4

Vine cuttings inoculated
with conidial suspension

-

3

2

Vines inoculated
,
with conidial suspension

2

-

-

Vines inoculated
with mycelial plug6

1

9

9

Control

Vine cuttings plgnted
in infested soil

LSD ( P=0.05 )

5.61

10.44

AM=arabient temperature and humidity inside storage building,
RC=recommended condition (cured at 30-32°C, 85-95% RH for
k 7-10 days, stored at 13-16 C, ambient humidity).
The soil was infested 4 weeks after planting by incorporating D.
gossvpina-infested oats into the upper 15 cm.
Vine cuttings were inoculated immediately prior to planting by
^ dipping them.in a suspension of 10 conidia of D. gossypina/ml.
A drop of 10 D. gossypina conidia/ml was placed on a wound made
on vines with a scalpel 2 months before- harvest.
A 6-mm diam plug from the margin of a 2-day-old PDA culture of D.
gossypina was placed on a wound made on vines with a scalpel 2
months before harvest.

Log ( propagules recovered / g dry soil )

«

5

4

3

2

1

11 /2 3 /8 2 - 7 /2 1 /8 3
9 /28 /8 4 - 11 / 1 3/85

0
0

60

120

180

240

360

420

Time Cdays)

Fig. 1. Survival of Diplodia gossypina in field soil
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Fig. 2

Effect of soil coniditions on survival of Diplodia gossypina.
In treatment I (----) soil was moistened to field capacity
and a sweet potato vine cutting was planted (PR>Fas0.5398).
In treatment II {■... •) soil was moistened to field capacity
and left fallow (PR>F=0.8063).

In treatment III (--- ) soil

was dried and left fallow (PR>F=0.0447, R2=0.3448,
Y=7.83-0.81X).

In treatment IV (---- ) soil was flooded and

left fallow (PR>F=0.0018, R2=0.7740, $=6.27-2.69X).

II.

FACTORS FAVORING INFECTION OF SWEET POTATO BY THE
JAVA BLACK ROT PATHOGEN, DIPLODIA GOSSYPINA CKE.
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Factors Favoring Infection of Sweet Potato fay
the Java Black Rot Pathogen, Diplodia gossypia Cke.

ABSTRACT
Diplodia gossypina grew well at 20-32°C on PDA, but the optimum
temperature range for decaying slices of sweet potato storage root was
20-28°C.
and 36°C.

Decay was much less at 32°C, and was negligible at 12, 16
Freshly harvested storage roots inoculated with 3000 viable

conidia/site did not show differences in disease incidence following
washing, storing at 7°C or in anaerobic conditions for 8 days before
or after inoculation.

Freshly harvested storage roots inoculated with

infested soil (10^ conidia/g soil) at cut ends had lower disease
incidence when properly cured and stored than when cured and stored at
30-32°C.

Roots were more susceptible to infection after 5 or 8 months

storage than those freshly harvested.

Storage roots stored for 5 or 8

months developed higher disease incidence when incubated in curing
conditions than when incubated at room temperature after inoculation.
Most sweet potato cultivars and breeding lines had uniformly low
disease incidence when inoculated just after harvest, but showed
differences in susceptibility when inoculated after 8 months storage.
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INTRODUCTION
The Java black rot (JBR) pathogen, Diplodia gossypina Cke., invades
sweet potato storage roots by invasion of wounds incurred during
harvesting or handling from conidia in soil or on contamianted crates
(J.-Y. Lo, unpublished).

Considerable variation has been observed in

the incidence of JBR during storage of roots from different locations,
in different years, and/or of different cultivars.

Recommendations

for root storage include curing immediately after harvest at 30-32°C,
85-95% RH for 7-10 days followed by storage at 13-16°C, 85-95% RH (3).
Evidence of suberization has been detected after the first day of
curing and wound periderm appeared after 2-3 days (2).

Storage below

13°C results in chilling injury while storage above 16°C induces
premature sprouting (3).
The percentage of Botryodiplodia theobromae ( = D. gossypina )
conidia germinating within 6 hr in drops of distilled water increased
as temperature increased above 14°C, and at 25-35°C was greater than
90% (9).

Germination did not occur at 10, 12 or 40°C.

Thus, the

temperature for curing sweet potato storage roots also favors conidial
germination of D. gossypina. Botryodiplodia theobromae decayed sweet
potatoes at 20-30°C even though 20°C was well below the optimum
temperature for its growth on agar.

Roots pretreated at 0, 3, 5, and

7°C for 48 hr before inoculation and stored at 25°C were completely
rotted after 4 days, but roots pretreated at 9, 10, 20, and 25°C
formed discrete lesions of 53, 71, 74, 70 mm diameter, respectively
(1).

Roots inoculated with B. theobromae and stored at 20 or 25°C

were completely rotted after 14 days without aeration, but with
48
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aeration, only 45% of the roots were rotted.

Roots stored at 13 or

15°C showed no decay more than 1 mm from the point of inoculation with
or without aeration.

Greater incidence of JBR was obtained by

incubating inoculated roots in dry conditions than in a moist chamber
(4).

When inoculated roots were incubated in plastic bags lined with

wet tissue paper at room temperature, lesions developed only around
the inoculated areas and did not continue to enlarge or colonize the
whole root (8).
The objective of this study was to determine factors which might
predispose sweet potato storage roots to D. gossypina infection or
favor disease development after infection and thus contribute to the
observed variation in incidence of JBR.

MATERIALS AND METHODS
Inoculum preparation. For storage root slice inoculation, 6-mm-diam
mycelial plugs of isolate N-2 of D. gossypina Cke. were cut from the
edge of a 2-day-old PDA culture.

For whole storage root inoculation,

a suspension of 3000 viable conidia/drop (= 50yul) distilled water was
prepared with conidia collected from diseased roots unless specified
otherwise.

Air dried field soil passed through a 850-yum-opening sieve

to remove large pieces of organic matter, was infested with a conidial
A
/
suspension to give a density of 10 conidia/g soil.
Storage root inoculation. All inoculation experiments were conducted
with the sweet potato cultivar Centennial.

The roots were cut at one

2
end to make a 1-cm wound, and inoculated immediately with either a
drop of conidial suspension or moistened infested soil.

Roots

inoculated with conidial suspension were kept in moist chambers at
room temperature for 12 hr unless otherwise specified, cured at
30-32°C, 85-95% RH for 8 days, then stored at room temperature.
Percent of storage roots with JBR was surveyed once a month for 4
months after inoculation.
Effect of temperature. Seven 1-cm thick slices were cut from one
root.

Each of the slices was inoculated at the center with a mycelial

plug and put in a petri dish with wet filter paper.

Seven slices,

selected at random from each of the 7 roots, were incubated for 2 days
at each of the following temperatures: 12, 16, 20, 24, 28, 32 and
36°C.

Brown macerated tissue from each slice was removed with a

scalpel and the fresh weight was measured.

Mycelial plugs were also

transferred to each of five PDA plates incubated in each of the above
50
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temperatures.

Diameter of colonies was measured after 2 days.

Factors predisposing storage roots to D. gossypina infection. The
influence of washing roots or washing roots and treating with sodium
hypochlorite (1%) for 1 min or thiabendazole (TBZ) (35 ml/7.57 1) and
dichloronitroaniline (DCNA) (120 g/7.57 1) prior to inoculation with
conidial suspension on subsequent JBR incidence was examined in one
experiment.

In another experiment, roots were treated at 7°C

(chilling treatment) or in sealed plastic bags (anaerobic treatment)
for 8 days either before or after inoculation with a conidial
suspension.

Anaerobic treatments were imposed at room temperature

(23-25°C) before inoculation or at curing temperature (30-32°C) after
inoculation.

Each treatment had 10 freshly harvested roots in each of

3 replications.
Factors favoring JBR development in storage roots. The influence of
curing and various storage conditions on incidence of JBR infection
was studied on roots inoculated with infested soil.
by holding them at 30-32°C, 85-95% RH for 8 days.

Roots were cured
Unless otherwise

specified, roots were stored after curing at 13-16°C and ambient RH.
Each treatment had 20 freshly harvested roots in each of 3
replications.
Three experiments were conducted on the effect of length of storage
on susceptibility to JBR.

In the first experiment, roots were

inoculated with infested soil after 0, 1, 2, 3, 4, and 5 months
storage (Oct 1984-Mar 1985).

Ten roots in each of 3 replications were

inoculated each month, then cured and stored.

In the second

experiment, 30 roots were inoculated with suspensions of 0, 30, 300 or
3000 viable conidia/drop after 0, 5, or 8 months storage.

Ten roots
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from each treatment were kept in moist chambers at room temperature
for 0, 6, or 12 hr before curing.

In the third experiment, 20 roots

were inoculated with conidial suspension after 0, 5, or 8 months
storage.

Half were then cured and half were not cured before

returning to storage.
Susceptibility of sweet potato selections to JBR. Twenty roots from
each of 52 or 34 cultivars and breeding lines were inoculated with
infested soil after 0 or 8 months storage.

Disease incidence was

determined after 3 months storage at ambient temperature and humidity.

RESULTS
Effect of temperature.
slices was 28°C.

The optimum temperature for infection of root

Substantial infection also occured at 20-24°C but

infection was low at 32°C and was negligible at all other temperatures
tested (Fig. 1).

The optimum temperature range for mycelial growth on

PDA was 28-32°C.

At 20-24°C the mycelia also grew well but at 12-16°C

mycelial growth was sparse.

At 36°C, colonies had irregular margins

and a pink pigment was released into the medium (Fig. 1).
Factors predisposing storage roots to D. gossypina infection. Some
inoculated roots showed dark brown restricted lesions ( <5 mm width)
around the original wound which did not further develop even 4 months
after inoculation.

D. gossypina was usually recovered from this

discolored tissue, and decay of the roots resumed after the tissue was
cut for isolation.

Roots with restricted lesions were not counted in

JBR incidence since the lesions could not reliably be differentiated
from lesions induced by other storage rot fungi.
Incidence of JBR did not differ between roots that were washed or
not washed (Table 1).

Roots washed and surface sterilized had higher

JBR incidence than roots only washed, but they did not differ from
unwashed control roots.
infection.

Hashing and dipping in fungicides prevented

Chilling or anaerobic treatment of roots before or after

inoculation did not affect disease incidence whether they were
artificially inoculated or not (Table 2).

Roots wounded but not

inoculated had 7-13% JBR in these experiments.
Factors favoring JBR development in storage roots. Roots which were
inoculated and then cured and stored at 13-16°C did not differ in JBR
53
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incidence front noninoculated roots.

However, when inoculated roots

were not cured, were cured and stored at 30-32°C, or were not cured
and stored at ambient temperature had greater incidence of JBR than
roots that were not artificially inoculated (Table 3).

Inoculated

roots cured and stored at 30-32°C showed greater incidence'of JBR than
roots cured and stored at 13-16°C, but those not cured or not cured
and stored at ambient temperature did not.
Incidence of JBR on roots in the first experiment, inoculated after
0, 1, 2, 3, 4, and 5 months storage, was 0, 3, 0, 3, 7 and 17%,
respectively [LSD (P=0.05) = 13.3],

Overall, in the second

experiment, roots inoculated after 8 months storage had higher
incidence of JBR (68%) than those inoculated immediately after harvest
(20%) or after 5 months storage (23%) [LSD (P=0.05) = 11.13],

Roots

inoculated with 3000 viable conidia/site showed higher incidence of
JBR (57%) than those inoculated with 0, 30, or 300 viable conidia/site
(24, 30 and 38% JBR, respectively) [LSD (P=0.05) = 12.85],

Roots kept

in moist chambers for 6 or 12 hr after inoculation had higher
incidence of JBR (42 and 41%, repectively) than those cured
immediately after inoculation (29%) [LSD (P=0.05) = 11.13].

The

effect of inoculum density on incidence of JBR on roots stored for 0,
5, or 8 months is shown in Fig. 2.

Incidence of JBR was 20% on roots

inoculated at harvest with 3000 viable conidia/site and 90% on roots
inoculated after 1 yr storage.

Eighty-five percent of freshly

harvested roots inoculated with 10^ viable conidia/site developed JBR.
In the third experiment, incidence of JBR on roots inoculated after 0,
5 or 8 months storage was 20, 10 and 30%, respectively in noncured
roots and 30, 70 and 90%, respectively in cured roots (Table 4).
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Susceptibility of sweet potato selections to JBR. Most sweet potato
selections had uniformly low JBR incidence (0-30%) when inoculated
just after harvest, but showed significant differences in disease
incidence (0-90%) when inoculated after 8 months storage.

Incidence

of JBR was relatively low (0-30%) on 16 selections inoculated after 8
months storage, was intermediate (35-60%) on 8 selections, and was
high (70-90%) on 10 selections.
is given in Table 5.

Representative data for 11 selections

DISCUSSION
The results of this study suggest that there is a delicate balance
between the effects of environmental factors on wound healing in sweet
potato storage roots and pathogensis by D. gossypina. At relative
humidities of 90% and above, wound periderm appeared on sweet potato
storage roots after the second and third days at 28.7-34.8°C (2).
Lower temperatures or relative humidities retarded or inhibited its
formation.

Since D. gossypina infested soil adhered to the wounds of

storage roots at harvest, the infection process and wound periderm
formation started at almost the same time.

Although 28-32°C was the

optimum temperature range for mycelial growth, the highest infection
of root slices occurred at 28°C but at 32°C the infection was very
low.

The different rates of wound periderm formation at these two

temperatures may explain the tremendous difference of infection,
because at 90% RH wound periderm formed after two days at 31.7°C but
required three days at 28.7°C (2).

At 20 and 24°C the mycelia grew

well and infection also was high possibly because wound periderm
formation was relatively slow.
was abnormal at 36°C.

Mycelia grew sparsely at 12, 16°C and

Thus, infection did not occur, even though

wound periderm formation is retarded or inhibited at these
temperatures.

High relative humidity favors both conidial germination

and wound periderm formation, thus the temperature to which the
storage roots are exposed the first few days after harvest is a
critical factor for JBR infection.
Washing off latex exuded from wounds did not affect susceptibility
of freshly harvested roots to JBR infection.
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However, tissue beneath
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wounds killed by surface sterilization with sodium hypochlorite may
favor colonization by the pathogen.

Hoots stored at 7°C for 10 days

can develop chilling injury (D. H. Picha, personal communication)» but
freshly harvested roots stored at 7°C for 8 days were not predisposed
to JBR infection.

The fact that roots stored at 7°C for 8 days after

inoculation without curing did not show higher JBR incidence may be
due to inhibition of mycelial growth by low temperature.

Prior

treatment of freshly harvested roots or curing inoculated roots under
anaerobic conditions for 8 days did not affect the incidence of JBR
infection.
Some roots that were wounded, but not artificially inoculated, also
developed JBR infection.

This "background" infection probably

resulted from natural infection by D. gossypina at harvest, however,
the infection may have been restricted before a visible lesion
developed.

The infection may have been reactivated during subsequent

handling in the experimental process.
JBR development was inhibited in roots cured and stored at 13-16°C.
Two factors may have contributed to this.

Curing roots immediately

after harvest probably reduced the incidence of infection by promoting
wound healing, however, JBR infection may develop more rapidly than
wound periderm formation at 30-32°C in some roots.

Thus subsequent

storage at temperature of 13-16°C also may contribute to reduced
infection by direct inhibition of the pathogen.

These results are

consistent with the fact that JBR is found more commonly in warmer
climates.

Climatic conditions in some subtropical regions, such as

Louisiana, are occasionally similar to those recommended for curing.
This may explain why in some experiments where inoculated roots were
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stored in ambient coniditions without prior curing, the incidence of
JBR was low.
Roots stored longer than 5 months developed higher incidence of JBR
than freshly harvested roots but roots stored less than 4 months did
not.

The resistance of freshly harvested roots to JBR infection was

not significantly influenced by inoculum density.

However,

progressively lower inoculum densities were required for infection as
roots were stored for longer periods prior to inoculation.

Roots may

also become more sensitive to chilling or anaerobic treatment during
storage. This might account for the lack of influence of chilling or
anaerobiosis on JBR infection in this study which used freshly
harvested roots compared to other research in which roots were shipped
long distances before inoculation had higher JBR incidence following
chilling or anaerobiosis (1).
The fact that curing enhanced JBR infection in roots inoculated
after 5 or 8 months storage, although it inhibited infection in
freshly harvested roots, may be due to differences in the rate of
wound periderm formation in response to curing.

Other factors such as

phytolexin accumulation, carbohydrate content, organic acid content,
and others may vary with time in storage and also play a role in
determing the relative susceptibility of storage roots (7, D. H.
Picha, personal communication).

Cultivars or breeding lines that

differ in JBR reaction after storage may be used to compare their
ability for wound periderm formation, phytoalexin accumulation, etc.
to determine the role of these factors in reaction to JBR.
Not only are sweet potato storage roots more susceptible to JBR
infection after storage, but large numbers of conidia also are
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produced by roots infected at harvest which may contaminate the stored
roots.

Therefore, handling in preparation for marketing or bedding

which produces new wounds on the storage roots, may lead to serious
secondary cycles of infection.

Dipping stored roots in suitable

fungicides after washing may protect those wounds from secondary
infection (5,6).

Curing, which adequately prevents JBR infection on

freshly harvested roots, should not be employed on roots stored for 5
or more months.

If storage roots must be restored at this time, it

may be more desirable to return them to 13-16°C immediately after
handling.
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Table 1. Effect of washing sweet potato storage roots
prior to inoculation with Diplodia gossypina
on incidence of Java black rot (JBR).

Treatment
Control Ia

% Roots with JBR
7

Control 11^

27

Wash0

20

Wash, surface sterilization^

53

Wash, dip in fungicides6
LSD(P=0.05) =

0
.28.18

b Roots were not inoculated.
Roots were inoculated with an aqueous suspension of
3000 viable D. gossypina conidia/site.
Roots were washed with running tap water to remove
latex secreted from wounds and soil adhering to the
^ periderm, and dried before inoculation.
Roots were dipped in sodium hypochlorite (1%) 1 min,
and dried before inoculation.
Roots were dipped in thiabendazole (35 ml/7.57 1) and
dichloronitroaniline (120 g/7.57 1), and dried before
inoculation.

Table 2. Effect of chilling or anaerobic treatment before
or after inoculation of sweet potato storage with
Diplodia gossypina on incidence of Java black rot
(JBR).

Treatment

% Roots with JBR

Control
noninoculated
inoculated

13
27

Chilling treatment**
noninoculated
before inoculated
after inoculated

0
47
27

q

Anaerobic treatment
noninoculated
before inoculated
after inoculated

13
27
7

LSD(P=0.05) =

28.27

Roots were inoculated with an aqueous suspension of 3000
k viable D. gossypina conidia/site.
Roots were stored at 7°C for 8 days.
Roots were sealed in plastic bags for 8 days at room
temperature before inocualtion or in curing room after
inoculation.
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Table 3. Effect of curing and subsequent storage temperature on
incidence of Java black rot (JBR) on sweet potato storage
roots.

Treatment

% Roots with JBR

a
q
Noninoculated, cured , stored at 13-16 C

2

Inoculated, cured, stored at 13-16°C^

5

Inoculated, not cured, stored at 13-16°C

17

Inoculated, cured, stored at 30-32°C

20

Inoculated, not cured, stored at ambient temperature

18

LSD(P=0.05) =

14.09

^ Roots were held at 30-32°C, 85-95% RH for 8 days.
,
Roots were artificially inoculated with infested soil (10 conidia/g
soil).

Table 4. Effect of, storage period ,and curing on
incidence of Java black rot (JBR) on
sweet potato storage roots.

% Roots with JBR
Storage period
(month)

Not cured

0
5
8

20
10
30

Cured
30
70
90

® Roots were stored at 13-16°C.
Roots were inoculated with an aqueous suspension
of 3000 viable D. gossypina conidia/site.

Table 5. Incidence of Java black rot (JBR) on certain sweet
potato selections following inoculation with
Diplodig gossypina at harvest or after 8 months
storage

% Roots with JBR
selection
Freshly harvested0

Stored**

Centennial
15
50
5
80
Jasper
10
Heartgold
Porto Rico
10
81-10
10
75
W-151
0
15
90
W-152
T-17-2
0
10
T-17-3
5
35
T-30-7
0
75
8W 2641
5
15
a
A
Roots were inoculated with infested soil (10 conidia/g
k soil).
c Roots were stored at 13-16 C.
^ 5 2 selections were evaluated.
34 selections were evaluated.
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The

PR>F values of roots inoculated at harvest, after 5 or 8
months storage were 0.3681, 0.0005 and 0.2416, respectively
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